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BODY TEMPERATURE IS MAINTAINED by the balance between heat production and heat loss. The preoptic area is a key structure for body temperature regulation; it receives and integrates temperature information from the skin and core and then sends efferent signals to thermoregulatory effector organs. The preoptic area contains thermosensitive neurons, which respond mainly to increases in temperature and participate in both heat production and heat loss regulation (7, 14, 16, 21, 33) .
Blood flow to glabrous skin such as that of the tail and paw of the rat is important for thermoregulation because it is a major determinant of heat dissipation to the environment (3, 23) . Blood flow is regulated by sympathetic vasoconstrictor nerves under the control of the brain (29) . Warming or neuronal excitation in the preoptic area increases tail skin temperature and reduces tail sympathetic nerve activity (29, 42, 47) . Conversely, neuronal inhibition in the preoptic area was reported by one group to decrease blood flow in the hindpaw (28) , although other studies found that similar treatment had no effect on tail skin temperature in anesthetized or conscious rats (6, 26) . Tail skin temperature is an indirect measure, however, and may underestimate changes in tail vasomotor activity.
In fever, body temperature is raised by both increased heat production and decreased heat loss (heat conservation). It is considered that prostaglandin E 2 (PGE 2 ) is the final humoral mediator to cause fever. It binds to receptors on neurons in the preoptic area to influence thermoregulatory effector mechanisms, increasing body temperature. Although previous workers have investigated the location of PGE 2 -sensitive sites within the preoptic area (35, 38) , the detailed mechanisms whereby PGE 2 drives heat conservation and heat production remain poorly understood.
The aim of our experiments was to define the role of preoptic cell groups on heat conservation mechanisms and to investigate their role in fever. Most previous studies of this area have used methods with limited spatial resolution, preventing precise definition of the preoptic cell groups regulating cutaneous vasomotor tone. We first tested the effect of neuronal inhibition in the preoptic area on tail sympathetic nerve activity (tail SNA) in urethane-anesthetized rats, and located the most sensitive regions by using microinjections of a short-acting inhibitory agent (GABA), combined with accurate marking, to make a high-resolution functional map. We then tested the effect of microinjection of PGE 2 into specific GABA-sensitive sites.
MATERIALS AND METHODS
Thirty-two adult male Sprague-Dawley rats (285-500 g) were used in this study (22 for GABA mapping experiments and 10 for the PGE2 microinjection series). All experiments were carried out in accordance with guidelines of the National Health and Medical Research Council of Australia and were approved by the Animal Experimentation Ethics Committee of the Howard Florey Institute.
Animals were anesthetized initially with pentobarbital sodium (30 -50 mg/kg ip), and the fur over the trunk was shaved. The trachea was cannulated, and animals were then artificially ventilated with 2% isoflurane (Forthane; Abbott Australia Pty , NSW, Australia) in pure oxygen. Respiratory pressure was monitored via a pressure transducer attached to a side tube and was maintained at less than 15 cm H 2 O. Expired CO 2 concentration was monitored by CO2 analyzer (ADC, Hoddesdon, Herts, UK), and ventilation was adjusted to suppress active respiratory movements and to keep expired CO 2 between 3.5 and 4.5%. The right femoral artery and vein were cannulated for monitoring blood pressure and intravenous administration of drugs, respectively. A water-perfused Silastic jacket was positioned around the animal's shaved trunk, and the temperature of the perfusion water was used to manipulate skin and body temperature. Skin temperature was measured as the average of three thermocouples placed across the trunk between the skin and water jacket. Core temperature was measured by a thermocouple inserted 5 cm into the rectum. Core temperature was maintained between 37 and 38°C during surgery, by perfusion of the jacket at 150 -180 ml/min with water from a reservoir maintained at 43-45°C. Cooling was achieved by switching the perfusion pump input to cold water (29) .
The animal was then mounted prone in a stereotaxic apparatus, according to the coordinate system of Swanson (40) , and burr holes were made in the skull over the preoptic region. The tail was dissected to expose sympathetic nerves to the tail, as detailed below. When surgery was complete, isoflurane was gradually withdrawn and replaced by urethane (1.0 -1.2 g/kg iv). The depth of anesthesia was frequently assessed throughout the experiment by testing withdrawal and corneal reflexes, and small additional doses of urethane (25-50 mg iv) were administered if necessary to abolish those reflexes. No paralyzing agent was given.
Sympathetic Nerve Fiber Recording
Postganglionic SNA was recorded from the rat tail lateral collector nerve, which was exposed by removing the skin over the lateral vein (29) . A pool filled with liquid paraffin was constructed around the tail. Connective tissue was removed from a branch of the nerve trunk, which was then desheathed. Nerve filaments were placed over a silver-wire hook electrode, and some fiber spike activity was recorded differentially with respect to a nearby thread of connective tissue, amplified (10,000 fold), and filtered (30 -600 Hz) (Neurolog System, Digitimer, UK). The activity was monitored continuously using an oscilloscope and was recorded using a computer-based analysis system (CED POWER1401 and Spike 2 software CED, Cambridge, UK), at a sampling rate of 5,000 Hz. Spikes that passed across a selected threshold voltage were detected with a time-window discriminator and counted as spikes per 10 s. Each single unit was discriminated off-line using a computerbased spike shape analysis system (Spike 2).
At the end of experiment, hexamethonium chloride (50 mg/kg in saline; Sigma) was given intravenously to confirm that the recorded efferent nerve activity was postganglionic sympathetic.
Experimental Procedures
Tail SNA was first identified functionally by their excitatory response to passing cold water through the water jacket for 0.5-2 min. This stimulus was repeated at intervals through the experiment. All subsequent tests were made from baseline conditions at which tail SNA was low and stable. This was achieved by maintaining resting core temperature at a sufficiently high level (see RESULTS) .
GABA microinjection experiment. A double-barreled (piggyback) glass micropipette (tip OD ϳ20 m; World Precision Instruments, Sarasota, FL) was used for GABA microinjection experiments. The larger barrel of the pipette was filled with 300 mM GABA (Sigma, St. Louis, MO), which was diluted with distilled water to make it approximately isotonic, and the other was filled with 2% pontamine sky blue in 0.15 M sodium acetate to allow injection sites to be marked. The pipette was positioned stereotaxically within the range 0.0 -1.0 mm from the midline and 0.6 mm anterior-1.0 mm posterior to bregma, and it was advanced 7.0 -7.5 mm below the skull surface before injections were begun. All injections were made in the animal's right side, while fine silk sutures retracted the sagittal sinus slightly to the left to avoid puncture. GABA was injected in volumes of 15-30 nl, using air pressure (Neuro Phore BH-2 system; Medical Systems, New York, NY), monitored by observing the meniscus through a dissecting microscope. Most injections were repeated at the same site. The pipette was then advanced 0.5 mm downward, and the process was repeated. At least 5 min was allowed between injections, and every injection was made at times when tail activity was low but not silent. In each rat, 1-4 penetrations were made into the preoptic area, and GABA injections were made into a total of 2-13 sites per rat.
Pontamine sky blue was iontophoresed (10 A cathodal current for 7-10 min) to mark the location of the pipette tip at two injection sites in every track. Data taken from three rats were discarded because the pontamine sky blue marks were indistinct. PGE 2 microinjection experiment. PGE2 (MP Biomedicals, Irvine, CA) was initially dissolved in pure ethanol and then diluted with artificial cerebrospinal fluid to give a final dose of either 0.2 or 1 ng of PGE 2 in15 nl, with less than 0.1% ethanol.
For this experimental series, a single-barrel glass micropipette (tip OD ϳ20 m) was aimed at two regions identified in the first experimental series as GABA-sensitive. First, 15-30 nl GABA (300 mM) was injected at one or more sites to locate a GABA-sensitive locus. Once this was achieved, the pipette was removed from the brain, refilled with PGE 2, and lowered into the same position. Selecting times when tail SNA was low but not silent, PGE 2 was injected first at 0.2 ng/15 nl and later at 1 ng/15 nl into seven sites; only the lower dose was injected at five sites and only the higher dose was injected at one site. The pipette was washed with distilled water at least twice whenever the injectate was changed, and at least 30 min was allowed between injections. To label injection sites, 0.2 and 1 ng PGE 2 doses were mixed with 1% red and 2% yellow-green fluorescent microspheres (FluoSpheres, Molecular Probes, Sunnyvale, CA), respectively.
At the end of experiments, animals were deeply anesthetized with pentobarbital sodium (325 mg iv) and perfused transcardially with saline followed by 4% paraformaldehyde. The brain was removed and placed in the same fixative at least overnight. After cryoprotection with 20% sucrose in PBS, 40-m frozen coronal sections were made of the preoptic area. The locations of microinjection sites were identified by detecting pontamine sky blue or fluorescent microspheres, using fluorescence microscopy (Axioplan 2 imaging; Carl Zeiss, Oberkochen, Germany). Relevant sections were photographed under both light and fluorescence optics using a digital camera (AxioCam HRc; Carl Zeiss). Anatomical detail was revealed by contrast reversal of the light microscopic image in Adobe Photoshop. The precise position of GABA microinjection was calculated in relation to the two pontamine sky blue marks in its micropipette track. In each case, the center of the injection was identified and mapped onto in relation to local structures on a set of drawings made from serial coronal sections of the area.
Statistical Analysis
The resting core temperature, skin temperature, blood pressure, heart rate, and single unit tail SNA (spikes/10 s) were measured as the average values of these variables over 1 min just before each intervention. When few-fiber tail SNA was recorded (2-4 active units, 23 cases), one single unit with proven thermosensitivity was chosen for analysis. Single active units were recorded in nine rats. Mean arterial pressure and heart rate were derived from arterial pressure.
To test objectively whether tail SNA changed in response to each GABA microinjection, the significance of each response was tested by the moving F statistic method (32) . For this purpose, baseline measures were taken from the 10-s mean values over the 60 s before the injection; the moving F statistic was calculated every 10 s after the stimulus from a moving sample of three 10-s mean values. Significant changes in the time series of each variable were detected when the moving F value exceeded 5.786, indicating P Ͻ 0.05 (32) . The same procedure was used for blood pressure and heart rate. The maximum change in each variable (10-s average) in response to GABA microinjection was measured after each injection. When repeat GABA microinjections were made into sites that produced significant changes in tail SNA, blood pressure, or heart rate, response magnitudes after the second injection were compared with those after the first injection by paired t-test.
A two-stage procedure was used to determine objectively whether the sites from which GABA injections evoked statistically significant increases in tail SNA ("effective sites") were grouped into two anatomically distinct clusters. First, a hierarchical cluster analysis was made on the normalized xyz coordinates of all effective sites (SPSS, Chicago, IL). After choosing a two-cluster solution, k-means cluster analysis (SPSS) was used to assign each effective site to one or other cluster. Second, to test whether two clusters of effective sites could have arisen by chance, the anatomical loci of the subset of effective sites were randomly permuted within the full set of all injection sites-effective and ineffective-by a custom-written routine in MatLab. With each permutation, a silhouette statistic was calculated to measure the goodness of fit into two clusters (range Ϫ1 to 1). The distribution of this statistic was constructed from 1,000 permutations and compared with the silhouette value calculated from the experimental data.
A color-coded contour map of response magnitudes of tail SNA evoked by GABA microinjections into different sites over the preoptic area was constructed in the horizontal plane, using SigmaPlot (SPSS). The color map was normalized with respect to the maximum response of tail SNA, a sampling proportion of 0.3 was used, and data were spatially smoothed to a resolution of 0.1 mm using a Gaussian weight function. Contour lines were generated by interpolation between the response magnitudes at all injection sites. Nonsignificant responses to GABA were treated as zero.
In the case of PGE 2 microinjections, the peak response in each variable was averaged over 5 min. When there was no identifiable response, average values were taken from 5 to 10 min after the injection. Those values were compared with the preinjection baseline, and Student's paired t-test was used to assess whether changes were significant. Unpaired t-tests were used to assess differences in the responses evoked by PGE 2 from different preoptic regions.
Values are cited as means Ϯ SE; P Ͻ 0.05 was considered significant.
RESULTS
Tail SNA was always tested first for an excitatory response to passing cold water through the water jacket. As in previous studies (25, 29, 43) , tail fibers were activated by falls in skin temperature or core temperature, and they were silenced by hexamethonium (50 mg/kg) given at the end of the experiment (data not shown).
Microinjection of GABA into the Preoptic Area
GABA was microinjected into 167 sites throughout the preoptic area (32 rats, two experimental series). Baseline tail unit activity before injections was 5 Ϯ 0.3 spikes/10 s (167 measurements on 32 single units). Baseline skin and core temperatures (39.5 Ϯ 0.1°C and 38.4 Ϯ 0.1°C; n ϭ 167) were kept close to their thermal thresholds for tail SNA, so as to maintain a low tonic level of activity. Baseline blood pressure and heart rate were 97 Ϯ 1 mmHg and 381 Ϯ 3 bpm, respectively (n ϭ 167). Figure 1 shows representative examples of the effect of GABA microinjection into the preoptic area on tail SNA. GABA microinjection in 55 sites significantly increased tail SNA (median response ϩ7.2 spikes/10 s, range 1.8 -23.8).
Repeat GABA injections were made into 53 of those 55 sites, and the tail SNA response to the second injection did not differ significantly from that to the first injection (i.e., Fig. 1 , middle, P Ͼ 0.05, n ϭ 53). GABA microinjections were also repeated in 89 out of 112 ineffective sites, and all second injections were also ineffective.
The sites in which GABA microinjections increased tail SNA were distributed in two clusters: a rostromedial preoptic region (RMPO), including the organum vasculosum of the lamina terminalis (OVLT) and the median preoptic nucleus (MnPO), and a second region centered ϳ1 mm caudolaterally (here designated CLPO), overlapping the medial preoptic (MPO) and lateral preoptic (LPO) areas in the atlas of Swanson (40) (Fig. 2) . This separation of effective sites into two anatomically distinct clusters was tested statistically by a method that does not require random sampling of injection sites: cluster analysis followed by a permutation test (see MATERIALS AND METHODS). The silhouette statistic (measuring the goodness of fit into two clusters), calculated directly from the data, was 0.66, a value that was never reached in 1,000 random permutations of the data. P was therefore Ͻ0.001.
Small but significant increases in blood pressure (median ϩ3.2 mmHg, range 1.3-12) followed GABA microinjections at 36 sites, and in heart rate (median ϩ6.5 bpm, range 2.5-17.8) at 24 sites. Blood pressure and heart rate responses to repeat GABA injections in the same sites (34/36 and 20/24, respectively) did not differ significantly from those to the first injection (P Ͼ 0.05). Tail SNA increased after injections in 30/36 sites causing blood pressure increases and 17/24 sites that raised heart rate.
Microinjection of PGE 2 into the Preoptic Area
In 10 rats, PGE 2 was microinjected into 13 sites within the preoptic area, aiming for the two regions previously identified as GABA sensitive (Fig. 3) . In all cases, an appropriate location of the injection pipette was first confirmed by a significant tail SNA response to microinjection of GABA.
Microinjections of 0.2 ng PGE 2 were made into the RMPO in 4 rats and into the CLPO in eight rats (2 rats in common). Resting thermal variables were stable and equivalent (skin temperatures 40.2 Ϯ 0.3 and 40.0 Ϯ 0.4°C; rectal temperatures 38.9 Ϯ 0.1 and 38.7 Ϯ 0.2°C, for RMPO and CLPO injections, respectively; both P Ͼ 0.05). Three response patterns were observed after PGE 2 injections, as illustrated in Fig. 4A . RMPO injections all caused a prompt increase in tail SNA, which was followed by an increase in core temperature; injections into the rostromedial part of the CLPO gave a delayed tail SNA response to PGE 2 injections; injections into the central and caudal parts of the CLPO gave no response (Fig. 4A) .
The grouped data from all CLPO injections of 0.2 ng PGE 2 (8 sites in 8 rats) showed a significant tail SNA response (6 Ϯ 1 to 10 Ϯ 1 spikes/10 s; P Ͻ 0.01) but no significant rise in core temperature (Fig. 4B) . RMPO injections of 0.2 ng PGE 2 increased both tail SNA (2 Ϯ 1 to 9 Ϯ 1 spikes/10 s; P Ͻ 0.01) and core temperature (from 38.9 Ϯ 0.1 to 39.3 Ϯ 0.1°C; P Ͻ 0.01) but not blood pressure or heart rate. The mean tail SNA response to RMPO injections of PGE 2 was significantly greater than that to CLPO injections (P Ͻ 0.05) (Fig. 4B) .
In three of the four rats given 0.2 ng PGE 2 into the RMPO, 1 ng PGE 2 was microinjected later into the same sites, and this always produced larger, longer-lasting responses (Fig. 5) . Following those 1-ng injections, blood pressure increased from 98 Ϯ 4 to 107 Ϯ 3 mmHg (P Ͻ 0.01, n ϭ 3), and heart rate gradually increased from 453 Ϯ 22 to 526 Ϯ 15 bpm (P Ͻ 0.05, n ϭ 3).
In five rats, 1 ng of PGE 2 was microinjected into GABAresponsive sites in the central and caudal parts of CLPO. Those injections caused no significant change in tail SNA, core temperature, blood pressure, or heart rate (data not shown).
DISCUSSION
The present study has made the first direct investigation of preoptic neuronal actions on sympathetic vasomotor activity to the rat's tail. As expected from some (28, 47) but not all (6, 26) previous work using indirect measurements such as tail temperature, tail SNA was activated by preoptic injections of the inhibitory agent GABA, indicating that the tail vasomotor supply is under tonic inhibitory regulation by preoptic neurons.
GABA is actively cleared from brain extracellular space (8, 9) , which limits its time of action and reduces its effective spread, making it an excellent tool for fine functional mapping. Directly recording neural activity (rather than measuring endorgan responses) enabled us to reliably detect short duration (Յ2 min) responses to low doses of GABA, and take full advantage of its spatial resolution. By comparison, microinjections of its mimetic, muscimol, act for much longer-typically Ͼ15 mins- (12, 26, 31, 43, 45, 46) , allowing further diffusion time and limiting its spatial resolution. These technical features, combined with accurate histological localization, allowed us to map the preoptic region with better spatial resolution than hitherto and to make the novel discovery that two distinct preoptic regions tonically inhibit the tail vasomotor supply. The inhibitory drives from the two sites appeared to be of similar strength.
The doses and volumes of PGE 2 injected in the present study (0.2 and 1 ng in 15 nl) are at the lower end of the range used in previous studies (12, 20, 30, 31, 35, 38, 41, 43, 45, 46 ), but we found them to be effective when injected into the correct sites. Their actions lasted longer than those of GABA, and consequently, their spatial resolution was poorer. Nevertheless, that resolution was sufficient to provide our second novel finding: the two preoptic regions that tonically inhibit tail SNA respond differently to PGE 2 . While it was clear that PGE 2 injections into the caudal part of CLPO had no effect on tail SNA, injections into the rostromedial part of CLPO-closest to RMPO-caused a delayed increase in tail SNA. We interpret this response profile as most likely due to the diffusion of PGE 2 to receptors some distance away, presumably in the RMPO.
This investigation focussed on a heat conservation mechanism (tail SNA), and aimed to study it under optimal experi- mental conditions. Core temperature was thus maintained at relatively high levels to keep tail SNA low and stable, and thereby sensitive to the actions of preoptic microinjections. One consequence of this is that heat production mechanisms, such as shivering or thermogenesis by brown adipose tissue (BAT), may have been far from their threshold and thus strongly inhibited. Indeed, it has been found that when core temperature is high, febrile responses are due mainly to cutaneous vasoconstriction, and thermogenesis is suppressed (13, 30) . Therefore, we cannot be sure whether or not such heat production mechanisms would have also responded to our injections of GABA or PGE 2 under more conducive conditions. Finally, these experiments were all conducted under general anesthesia, which would have partially suppressed all Fig. 2 . Effective and ineffective GABA injection sites. All 167 GABA injection sites from two experimental series have been plotted on a set of drawings made from a rostrocaudal series of coronal sections through the preoptic area (A-G). Each circle shows an injection site, with the circle size indicating the magnitude of the single unit tail sympathetic nerve activity (SNA) response to GABA microinjection. Small circles indicate less than ϩ5 spikes/10 s, medium circles ϩ5-10 spikes/10 s, and large circles more than ϩ10 spikes/10 s. Black symbols indicate responses to 15-nl injections; gray symbols indicate responses to 30-nl injections. Nonsignificant responses are indicated by crosses. H: contour map constructed from the spatial distribution in the horizontal plane of tail SNA response amplitudes to GABA microinjections. Seventeen color gradations represent the normalized response amplitude, as indicated (for full details, see MATERIALS AND METHODS). I: overlays the upper 6 contours of the map in relation to anatomical structures in the horizontal plane. Note that both maps are drawn to extend slightly beyond the midline. 3V, third ventricle; ac, anterior commissure; f, fornix; LPO, lateral preoptic area; LV, lateral ventricle; MnPO, median preoptic nucleus; MPN, medial preoptic nucleus; MPO, medial preoptic area; ox, optic chiasm. thermoregulatory mechanisms. The mechanisms identified in this study may be more prominent in the conscious state, and further mechanisms suppressed by anesthesia might be active.
Microinjections of PGE 2 into the preoptic area have been reported to induce heat production, as well as heat conservation (12, 20, 27, 30, 38, 41, 43) , and heart rate is often used as a surrogate index of heat production (6, 26) . Given the baseline conditions in these experiments (see comments above), it is perhaps not surprising that increases in heart rate following PGE 2 microinjections into the RMPO were either not detected (small dose) or very gradual (large dose). The gradual increase in heart rate observed after injections was probably secondary to the rise in core temperature, rather than a sign of heat production.
Injections of PGE 2 into the RMPO and CLPO regions by Stitt were both reported to cause fever, although the RMPO region was found to be more sensitive and to give stronger responses (38) . That study used much larger injections (1 l) and higher doses than used here, so PGE 2 injections into the CLPO in that study may well have diffused to responsive sites elsewhere. Our findings, therefore, confirm and extend that study. Scammell and colleagues (35) later constructed a fine map of PGE 2 -sensitive sites in the rostral preoptic region, using small doses and injection volumes . These workers found that the most pyrogenic sites were immediately surrounding the OVLT, corresponding to the RMPO identified here; core temperature was their only measure, however, so heat conservation and heat production components were not distinguished. More recently, PGE 2 microinjections into this region have been shown to induce thermogenesis (27) . With the present data, it is thus now clear that this sensitive region drives both heat production and heat conservation in response to PGE 2 .
It has long been considered likely that heat conservation mechanisms, as is the case for thermogenic mechanisms (1, 18, 26) , are under tonic inhibitory control by preoptic neurons (28, 30, 47) . The present data show this directly, and identify two distinct loci as sources. Because PGE 2 acts in one of those regions (RMPO) in the same direction as GABA, it is most likely that PGE 2 acts on tail SNA by inhibiting the same tonically active neurons. This view fits well with previous work that indicated the febrile response is mediated principally by PGE 2 receptors (EP receptors), especially EP3 receptors (11, 44) , which are considered to have an inhibitory action by decreasing intracellular cAMP (10, 22, 37, 39) . EP3 receptors are strongly expressed in the RMPO, specifically within the MnPO and its ventrolateral extensions (2, 17, 24) . EP3 receptors are expressed also in the CLPO, but much less strongly than in the RMPO (2, 17, 24) . Our data therefore cannot exclude the possibility that CLPO neurons expressing EP3 receptors could contribute to febrile vasoconstriction if they were exposed to higher doses of PGE 2 than those used in the present study.
Evidence is now accumulating that heat conservation and thermogenic mechanisms are regulated by distinct central pathways (25, 30) . The present data add further support for this viewpoint. Our finding that GABA and PGE 2 injected into the RMPO activate tail SNA contrasts sharply with Osaka's findings with respect to thermogenesis: he found that inhibiting neurons of the same region with muscimol had no effect on basal thermogenesis, and even blocked the thermogenic action of PGE 2 injection there (27) . Further, Nakamura and Morrison (19) recently found that neuronal excitation in the RMPO region activated the sympathetic supply to interscapular BAT. In contrast with the present findings on vasoconstriction, those results indicate that the thermogenic pathway to BAT is not under tonic inhibitory control by RMPO neurons, but excitatory control. If that is so, a less straightforward mechanism will be needed to explain how PGE 2 drives BAT thermogenesis. Against this, however, Romanovsky and colleagues (34) found that chronic lesions of the RMPO region caused persistent hyperthermia, which was considered most likely due to thermogenesis, suggesting that these neurons do indeed tonically inhibit thermogenesis. The issue thus remains unresolved.
In the CLPO, by contrast, thermogenic and vasoconstrictor control mechanisms appear more similar, in that both are activated by injections of inhibitory agents (18, 26) . For thermogenesis, it has further been shown that injections of the GABA A receptor antagonist bicuculline into this region block the thermogenic responses to peripheral cold stimuli (18, 26) . Whether the same applies to tail SNA responses and whether CLPO neurons associated with either pathway mediate central thermosensitivity remains to be determined. The latter point is also true of RMPO neurons.
In conclusion, we have found that neurons in two distinct preoptic regions provide tonic inhibitory control of tail vasoconstriction. The tonic inhibition from one of these regions (RMPO) is inhibited by PGE 2 , causing febrile vasoconstriction. Tonic inhibition from the other preoptic cell group (CLPO) probably does not participate in the febrile response. Our results also extend previous findings on the differential sensitivity to PGE 2 within the preoptic area.
Perspectives and Significance
In the brain stem below the preoptic area, there exist mechanisms that generate tonic excitatory drive to the tail sympathetic outflow (30) : this drive is transmitted to sympathetic preganglionic and postganglionic neurons supplying the tail vasculature via premotor neurons in the medullary raphé, and to a lesser extent the rostral ventrolateral medulla (25, 30, 42) . Both RMPO and CLPO neurons tonically inhibit that pathway (Fig. 6) . It is not yet clear whether their connections to premotor neurons are direct or indirect, although anatomical studies have shown that direct connections exist from the preoptic area to the medullary raphé (4, 5, 15, 36) . Functional evidence also indicates that, unlike thermogenic pathways, tail vasoconstrictor pathways do not depend on a synaptic relay in the dorsomedial hypothalamus (30) . Finally, we do not yet know whether CLPO neurons, RMPO neurons, or both, are the warmsensitive preoptic neurons responsible for thermoregulatory inhibition of tail vasomotor tone (29, 42) . This would be an economical hypothesis, but it remains to be tested.
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